variously as the interval from A2 to the onset of transmitral flow, A2 to the mitral valve opening artefact on pulsed wave Doppler recordings, or the aortic valve closure artefact to the onset of transmitral flow recorded by continuous wave Doppler.5 It has been implicitly assumed that all these measurements are equivalent. Mitral cusp separation is a complex phenomenon, however, and is influenced by many factors apart from transmitral flow, so these different measurements need not necessarily be identical. We therefore explored this possibility, aiming not only to resolve possible confusion but also to use these interrelations to shed light on early diastolic events in normal and abnormal hearts.
Abstract
Mitral valve cusp separation on M mode echogram, the mitral valve opening artefact, and the onset of forward transmitral flow recorded by Doppler echocardiography have all been taken to mark the end of isovolumic relaxation, while its onset has been taken either as the aortic closure sound (A2) recorded phonocardiographically or the aortic closure artefact determined by Doppler technique. Possible differences in the measurement of the isovolumic relaxation time were studied when these landmarks were used in 44 healthy people, 14 patients with mitral stenosis, 21 patients with left ventricular hypertrophy, and 24 patients with dilated cardiomyopathy by -recording M mode echograms of the mitral valve, and pulsed and continuous wave Doppler spectra of transmitral flow, with simultaneous electrocardiograms and phonocardiograms. A2 was effectively synchronous with the aortic artefact. However, when the onset of Doppler flow was regarded as the end of isovolumic relaxation, the interval was significantly longer than when mitral cusp separation on M mode echograms was used: by 25 (10) ms in healthy individuals, by 25 (15) ms in patients with left ventricular hypertrophy, and by 50 (35) ms in patients with dilated cardiomyopathy. In patients with mitral stenosis the interval was only 5 (5) ms longer. The mitral valve opening artefact consistently followed the onset of flow and corresponded much more closely to the E point on the M mode echogram. This shows that it occurred during the rapid filling period and well beyond isovolumic relaxation by any definition.
Thus isovolumic relaxation time measured from A2 to the onset of transmitral flow or the mitral valve opening artefact differs from that derived from A2 to mitral valve cusp separation. These intervals cannot be used interchangeably to measure "isovolumic relaxation time".
Isovolumic relaxation is an important phase of the cardiac cycle. Its length has been used to assess left ventricular diastolic function,l to distinguish myocardial restriction from constriction,2 and to assess the cardiac effects of pharmacological interventions.' In his classic text Wiggers wrote of this interval (initially termed isometric relaxation): "Following the closure of the semilunar valves, and until the A-V valves have opened, the ventricle relaxes without any flow of blood either from or into its cavity. This phase may be designated as the isometric relaxation phase".4 Isovolumic relaxation time has been measured on simultaneous M mode and phonocardiogram recordings as the interval from aortic valve closure (A2) to the point of mitral cusp separation. More recently, the determination of isovolumic relaxation time has formed part of the Doppler evaluation of left ventricular diastolic function where it has been taken variously as the interval from A2 to the onset of transmitral flow, A2 to the mitral valve opening artefact on pulsed wave Doppler recordings, or the aortic valve closure artefact to the onset of transmitral flow recorded by continuous wave Doppler.5 It has been implicitly assumed that all these measurements are equivalent. Mitral cusp separation is a complex phenomenon, however, and is influenced by many factors apart from transmitral flow, so these different measurements need not necessarily be identical. We therefore explored this possibility, aiming not only to resolve possible confusion but also to use these interrelations to shed light on early diastolic events in normal and abnormal hearts.
Patients and methods

STUDY POPULATION
We studied 44 healthy individuals (27 men, 17 women; aged 18-60), 14 patients. Peak mitral flow velocity was initially identified by continuous wave Doppler and then recorded with the pulsed mode and a 3 mm gate. A wall filter of 250 Hz was used in all cases. During the recordings we used the minimum gain setting that gave a complete envelope. The onset of transmitral flow was taken as the time at which the signal rose above the wall filter and was routinely distinguished from the valve artefact, which was recorded separately. Functional mitral regurgitation was carefully sought in all patients by continuous wave Doppler echocardiography. Simultaneous phonocardiograms and electrocardiograms were again recorded at a paper speed of 10 cm/s. We used continuous wave Doppler echocardiography directed towards the left ventricular outflow tract to obtain recordings showing both the aortic valve closure artefact and the transmitral flow. isovolumic relaxation, the interval between A2 and the mitral valve artefact does not, because it includes a significant portion of the rapid filling period. Spectral analysis of Doppler signals introduces potential errors in the timing of flow. Analysis of very low frequency shifts takes a finite interval that may introduce error. We therefore used a lower filter of 250 Hz throughout our study and took the onset of flow as the first recordable signal above this level. Extrapolation of the spectral display to the zero flow baseline, which assumed constant acceleration, suggested that any delay introduced by this method cannot be more than 5 ms. The lack of significant delay in signal analysis is also supported by the observation that in patients with mitral stenosis, the onset offlow was effectively synchronous with mitral valve opening. The onset of transmitral flow recorded by the pulsed mode also coincided with that determined by continuous wave Doppler echocardiography, indicating that the timing of the onset of flow was not affected by the position of the sample volume. We conclude therefore that technical factors cannot explain our observations; mitral cusp separation, the onset of transmitral flow, and mitral valve artefact follow one another in an ordered sequence and cannot be regarded as synchronous.
In the group with left ventricular hypertrophy the mean values of isovolumic relaxation time and the delay in flow were the same as in the healthy individuals, although the scatter was greater. When relaxation was incoordinate, however, there was a much longer delay in the onset of flow after mitral cusp separation. The delay in the onset of flow may thus be an indicator ofthis aspect of diastolic dysfunction. The patients with dilated cardiomyopathy would be expected to have high left atrial pressure, and thus a short isovolumic relaxation time.'3 This was i-ndeed the case; these patients had short intervals between A2 and mitral cusp separation and between A2 and onset of flow. There was, however, a large difference between the two measurements, probably because 22 of the 24 patients had functional mitral regurgitation. This persisted for more than 50 ms beyond A2. Because forward flow cannot occur during regurgitation, the onset of transmitral forward flow is considerably delayed. '4 As well as simply dealing with the methods of measuring isovolumic relaxation time, our results may be of more fundamental pathophysiological importance. We 
